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Background: The impact of task relevance on event-related potential amplitudes of early visual processing was
previously demonstrated. Study designs, however, differ greatly, not allowing simultaneous investigation of how both
degree of distraction and task relevance influence processing variations. In our study, we combined different features
of previous tasks. We used a modified 1-back task in which task relevant and task irrelevant stimuli were alternately
presented. The task irrelevant stimuli could be from the same or from a different category as the task relevant stimuli,
thereby producing high and low distracting task irrelevant stimuli. In addition, the paradigm comprised a passive
viewing condition. Thus, our paradigm enabled us to compare the processing of task relevant stimuli, task irrelevant
stimuli with differing degrees of distraction, and passively viewed stimuli. EEG data from twenty participants was
collected and mean P100 and N170 amplitudes were analyzed. Furthermore, a potential connection of stimulus
processing and symptoms of attention deficit hyperactivity disorder (ADHD) was investigated.
Results: Our results show a modulation of peak N170 amplitudes by task relevance. N170 amplitudes to task relevant
stimuli were significantly higher than to high distracting task irrelevant or passively viewed stimuli. In addition,
amplitudes to low distracting task irrelevant stimuli were significantly higher than to high distracting stimuli. N170
amplitudes to passively viewed stimuli were not significantly different from either kind of task irrelevant stimuli.
Participants with more symptoms of hyperactivity and impulsivity showed decreased N170 amplitudes across all
task conditions. On a behavioral level, lower N170 enhancement efficiency was significantly correlated with false
alarm responses.
Conclusions: Our results point to a processing enhancement of task relevant stimuli. Unlike P100 amplitudes, N170
amplitudes were strongly influenced by enhancement and enhancement efficiency seemed to have direct behavioral
consequences. These findings have potential implications for models of clinical disorders affecting selective attention,
especially ADHD.
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The ability to suppress the processing of irrelevant and
thereby distracting information is of paramount import-
ance in daily life and the search for its neural correlates
has drawn much attention. An influential study using a
delayed recognition task found a suppression of visual
processing when a stimulus was not task relevant and an
enhancement when it was [1]: Functional magnetic* Correspondence: s.biehl@abdn.ac.uk
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reproduction in any medium, provided the orresonance imaging (fMRI) showed changing activation
in fusiform and parahippocampal regions of interest
(ROIs) depending on task relevance. The same study
also recorded EEG and investigated P100 and N170 peak
amplitudes. The N170 is an event-related potential
(ERP) of early visual processing that is particularly sensi-
tive to facial stimuli [2]. An influential study by Vogel
and Luck [3] furthermore showed the posterior N1 –
which peaked around 160 ms – to be sensitive to visual
discrimination demands of a task. The P100 was previ-
ously shown to be influenced by (spatial) selective atten-
tion processes [4-7]. Gazzaley and colleagues [1] found
increased peak amplitudes of the N170 when task rele-
vant face stimuli compared to task irrelevant face stimulid. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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not significantly altered by task relevance.
The finding of enhanced N170 amplitudes for task rele-
vant stimuli was generalized to a variation of the n-back
task. The classic n-back task consists of presenting partici-
pants with a sequential string of letters. Participants are
then instructed to press a response key whenever a letter
is identical to the letter shown ‘n’ (i.e. one, two, or more)
trials earlier see for example [8]. Schreppel and colleagues
[9] altered this n-back task by presenting task relevant
stimuli interspersed with low distracting task irrelevant
stimuli. They found enhanced N170 amplitudes for task
relevant compared to task irrelevant and passively viewed
stimuli. Task irrelevant and passively viewed stimuli were
not significantly different from each other. In addition,
task relevance seemed to influence P100 amplitudes as
well, with task relevant stimuli leading to higher ampli-
tudes than passively viewed stimuli. An effect of task rele-
vance on P100 amplitude was also found in another study,
in which it seemed to be connected to working memory
performance [10].
Another EEG study examined the N170 in a delayed
recognition paradigm with distractors placed in between a
to-be-remembered stimulus and the to-be-recognized
item [11]. This study found a larger reduction of N170
amplitudes when a distractor was from the same category
as the to-be-remembered stimulus (high distracting) com-
pared to when it was from a different category (low
distracting), whereas P100 amplitudes did not seem to dif-
fer with the degree of distraction. These findings indicate
that the more similar a distractor is to a target stimulus
the more its processing is suppressed. However, since the
study did not include a passive viewing “baseline” condi-
tion, no definite conclusion about suppression and/or en-
hancement processes can be made.
Modulation of visual processing was shown to be af-
fected by frontal lobe functioning some years ago [12,13],
and the concept of cognitive control [14] might provide a
theoretical framework to explain the variations described
above. Egner and Hirsch [15] point to a model originally
stemming from research on error processing [16]. This
model suggests a system that regulates attentional resour-
ces by ‘conflict-monitoring’ on the one hand (mediated by
the anterior cingulate cortex (ACC)) and ‘cognitive con-
trol’ on the other hand (mediated by the dorsolateral pre-
frontal cortex (DLPFC)), and has later been confirmed by
findings from neuroimaging research [17]. Several other
studies with non-simultaneous stimulus presentation also
report an involvement of frontal areas in distractor sup-
pression [18-21].
To summarize, it appears that relevance-induced peak
amplitude differences are fairly consistent across para-
digms. Several studies show enhanced or suppressed P100
and/or N170 amplitudes depending on the relevance of aprocessed stimulus or its degree of distraction. These stud-
ies, however, differ greatly in employed paradigm, with
some studies relying on simultaneous presentation of
both task relevant and distracting stimuli [10] or a Stroop-
like design [15,22] while others present task relevant and
task irrelevant stimuli in sequential order [1,9,11,23]. The
thereby created conditions are also dissimilar across
studies: While all studies contain task relevant stimuli, the
task irrelevant stimuli differ in their degree of distraction
[11] depending on whether the stimuli are from the
same or a different category as the task relevant stimuli
[1,9,10]. In addition, only some studies include a pas-
sive viewing baseline condition [1,9,10,23] that seems
to lead to somewhat intermediate activation. To our
knowledge, no study so far included both high and low
distracting task irrelevant stimuli as well as a passive view-
ing baseline condition.
In order to compare passively viewed stimuli to task
relevant and to high and low distracting task irrelevant
stimuli, we decided to combine several aspects of the
above-mentioned tasks: We used a modified 1-back para-
digm similar to the one used by Schreppel and colleagues
[9] described above to investigate both P100 and N170
amplitudes. In our experimental paradigm, task relevant
and task irrelevant stimuli were alternately presented in
sequential order. We used stimuli from two different cat-
egories (faces and houses). In each block, 50% of the task
irrelevant stimuli were from the same category as the task
relevant stimuli (and thereby high distracting), and 50%
were from another category (and thereby low distracting).
Participants had to indicate if a task relevant stimulus was
repeated 1-back while ignoring the interspersed task ir-
relevant distractors (see Figure 1). In addition, we included
a passive viewing baseline condition that did not require
any behavioral response. The structure of our paradigm
provided by the underlying n-back task allows for the
examination of continuous attentional processes, which
differentiates this paradigm from previous investigations
using delayed recognition paradigms. The continuous na-
ture of our task might be conducive to a more stable at-
tentional set than the delayed recognition paradigms
where attention necessarily fluctuates between trials. In
addition, the behavioral data obtained in our paradigm
can easily be related to both impulsivity (i.e. false alarms)
and inattention (i.e. missed targets) making this paradigm
especially suitable for the assessment of participants with
problems in the area of attention regulation.
We furthermore assessed subclinical symptoms of
ADHD, a disorder that was previously connected to prob-
lems with top-down distractor suppression and cognitive
control [24,25] as well as deficient DLPFC functioning
[26-28]. The goal was to explore whether distractor pro-
cessing might vary systematically with the amount of
reported ADHD symptoms.
Figure 1 The experimental paradigm (an example of the “faces relevant” condition): Relevant stimuli are marked by vertical bars;
irrelevant stimuli are marked by horizontal bars. Stimuli were presented for 1000 ms. A grey fixation cross was shown for 1,750 ms to
2,750 ms in between stimuli. Participants were supposed to indicate when a task relevant picture was repeated 1-back while ignoring the
interspersed task irrelevant distractors.
Table 1 Sample characteristics: mean M (standard
deviation SD)
M (SD)
CAARS (T-scores)
Inattention/Memory Problems 42.2 (7.9)
Hyperactivity/Restlessness 44.2 (9.7)
Impulsivity/Emotional Lability 43.8 (8.8)
PANAS
Positive affect 19.7 (6.3)
Negative affect 2.7 (4.4)
BDI2 (sum score) 6.2 (6.7)
Cigarettes per day 1.0 (4.5)
Behavioral data
% Missed targets 11.3 (9.9)
False alarms 5.4 (3.5)
Reaction time (in milliseconds) 741 (123)
Usable epochs
Task relevant stimuli* 120.3 (9.2)
Task irrelevant, high distracting** 77.6 (4.7)
Task irrelevant, low distracting** 77.1 (6.4)
Passive viewing** 78.4 (3.4)
Note. *out of 128 epochs; **out of 80 epochs.
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stimuli to lead to enhanced amplitudes and high dis-
tracting task irrelevant stimuli to lead to reduced ampli-
tudes relative to the passive viewing baseline condition
[1,9]. In line with previous studies, we further expected
low distracting task irrelevant stimuli to lead to signifi-
cantly less suppression and thereby higher amplitudes
than high distracting task irrelevant stimuli [11]. Given re-
ports of easy distractibility in patients with ADHD, we also
calculated exploratory correlations between mean ampli-
tudes across conditions, behavioral parameters, and par-
ticipants’ scores on three CAARS self-report scales
incorporating typical symptoms of adult ADHD.
Results
Behavioral results
All participants detected at least 50 percent of the target
trials. The average rate of detected targets was 88.8 per-
cent (SD = 9.9), the average reaction time was 741 ms
(SD = 123; see Table 1 for further sample characteristics).
The rate of missed targets and false alarms as well as the
average reaction time were not significantly different for
face versus house stimuli (all p > .1).
EEG results
We analyzed the P100 and the N170 using repeated
measures analyses of variance (ANOVAs). In addition, a
post-hoc analysis of the P200 was conducted, as an
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task-related modulations of the P200 (see Figure 2A),
which seemed worth investigating. The ANOVAs al-
ways comprised the within-subject factors hemisphere
(left, right), stimulus category (face, house), and task
relevance (relevant, irrelevant – high distracting, irrele-
vant – low distracting, passively viewed), with the add-
itional factor channel group (P7/P8, PO9/PO10) for the
analyses of the N170 and P200. The P100 was defined
as the most positive peak in the channels O1/O2 in the
time window from 70 ms to 140 ms, the N170 was de-
fined as the most negative peak in the channels P7/P8
and PO9/PO10 in the time window from 140 ms to
210 ms, and the P200 defined as the mean amplitude inFigure 2 N170 EEG results. A. N170 grand average time course over elec
(HEOG) and vertical (VEOG) electrooculogram activity is displayed in the up
and did not differ across conditions. B. Mean N170 peak amplitudes for the
method described in Franz and Loftus [60] to remove irrelevant between-su
the normalized scores (SEMnorm). C. Grand average topographies at N170 p
conditions. Note.*p < .05, ***p < .001.the time window from 210 ms to 270 ms in the chan-
nels P7/P8 and PO9/PO10 (see Figure 2A.). Correlation
coefficients were calculated for the mean ERPs across
the four task conditions and the three CAARS sub-
scales, between difference amplitudes of task relevant
minus high distracting task irrelevant stimuli and be-
havioral measures, and between behavioral measures
and the CAARS subscales.
P100
The repeated measures ANOVA with the factors hemi-
sphere, stimulus category, and task relevance yielded a
significant main effect of stimulus category (F(1,19) = 7.2,
p = .02), with significantly higher amplitudes for facetrodes P7/P8 and PO9/PO10 for the different conditions. Horizontal
per part of the figure showing that eye movements were insignificant
different conditions. Data were normalized using the normalization
bjects differences. Error bars denote standard error of the mean for
eak for the different conditions. Scaling is the same across all
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ther significant main effects or interactions.
N170
The repeated measures ANOVA with the factors hemi-
sphere, channel group, stimulus category, and task rele-
vance yielded a significant main effect of task relevance
(F(3,57) = 9.1, p < .001). Across the channel groups, task
relevant stimuli led to significantly higher peak amplitudes
than high distracting task irrelevant stimuli (p < .001, d =
1.31) and to significantly higher peak amplitudes than pas-
sively viewed stimuli (p = .03, d = 0.65; see Figure 2 for
mean amplitudes in the different conditions and for time
courses and grand average topographies). Low distracting
task irrelevant stimuli yielded significantly higher ampli-
tudes than high distracting task irrelevant stimuli (p = .03,
d = 0.63), but were not significantly different from task
relevant stimuli (p = .28) and from passively viewed stimuli
(p = .36). Amplitudes for high distracting task irrelevant
stimuli and for passively viewed stimuli were also not sig-
nificantly different (p = .12).
In addition, there was a significant main effect of stimu-
lus category (F(1,19) = 213.5, p < .001) with face stimuli
yielding significantly higher amplitudes than house stimuli
across all channels and conditions. A significant inter-
action of hemisphere and channel group (F(1,19) = 5.8,
p = .03) yielded no significant post-hoc differences.
There was no significant interaction of channel group
and task relevance (F(3,57) = 2.5, p = .07) or of stimulus
category and task relevance (F(3,57) = 2.4, p = .08). An
analysis of mean amplitudes instead of peak ampli-
tudes also showed a significant main effect of task rele-
vance (F(3,57) = 8.1, p = .001) with a similar albeit
weaker pattern of post-hoc results.
P200 post-hoc analysis
A repeated measures ANOVA with the factors hemi-
sphere, channel group, stimulus category, and task re-
levance yielded significant main effects of hemisphere
(F(1,19) = 5.2, p = .03), channel group (F(1,19) = 13.4, p = .002),
stimulus category (F(1,19) = 13.4, p = .002), and task rele-
vance (F(3,57) = 30.4, p < .001): Mean amplitudes were
significantly higher in the right hemisphere than in the left
hemisphere, in the P channel group than in the PO chan-
nel group, and for houses than for faces. There were also
significant interactions of hemisphere and channel group
(F(1,19) = 6.0, p = .02) and of stimulus category and task
relevance (F(3,57) = 6.3, p = .004): Post-hoc paired t-tests
showed significant hemisphere differences for the P chan-
nel group with significantly higher amplitudes for P8 than
for P7 (t(19) = 2.5, p = .02), which were not present in the
PO channel group. Furthermore, post-hoc paired t-tests
showed significantly lower mean amplitudes for relevant
faces than for high distracting faces (t(19) = 3.5, p = .002),for low distracting faces (t(19) = 3.4, p = .003), and for
passively viewed faces (t(19) = 3.4, p = .003) with no fur-
ther differences between stimuli. In contrast, the house
stimuli were different from each other for most of the
analyzed conditions (all p < .008, except for relevant
and high distracting stimuli: p = .08), with amplitudes
for relevant stimuli being the lowest, followed by high
distracting stimuli, passively viewed stimuli, and low
distracting stimuli. There were no further significant main
effects or interactions.Correlations
The N170 difference amplitude of task relevant minus high
distracting task irrelevant stimuli was significantly corre-
lated with the number of false alarms (r(18) = .52, p = .02):
The smaller the difference between these amplitudes (i.e.
the less processing enhancement for task relevant stimuli
compared to high distracting task irrelevant stimuli), the
more false alarms were committed.
The CAARS ‘Hyperactivity/Restlessness’ and ‘Impul-
sivity/Emotional Lability’ subscales correlated significantly
with pooled N170 amplitudes (Hyperactivity/Restless-
ness’: r(18) = .48, p = .03; ‘Impulsivity/Emotional Lability’:
r(18) = .56, p = .01): The higher participants’ symptoms
on these subscales, the less negative their N170 ampli-
tudes across all task conditions.
In addition, the number of missed target trials correlated
significantly with participants’ scores on the CAARS ‘In-
attention/Memory Problems’ and ‘Hyperactivity/Restless-
ness’ subscales: The higher the number of missed target
trials, the higher participants scored on those subscales
(‘Inattention/Memory Problems’: r(18) = .53, p = .02; ‘Hy-
peractivity/Restlessness’: r(18) = .55, p = .01). In contrast,
the number of false alarms correlated significantly with
participants’ scores on the CAARS ‘Impulsivity/Emotional
Lability’ subscale: The higher the number of false alarms,
the higher participants scored on this subscale (‘Impulsiv-
ity/Emotional Lability’: r(18) = .46, p = .04).Discussion
We found a modulation of N170 amplitude by the task
relevance of the presented stimuli. Since our paradigm en-
abled us to vary the degree of distraction caused by the
task irrelevant stimuli, we found an interesting dissoci-
ation that clearly extends previous findings: Amplitudes
were significantly higher for task relevant than for high
distracting task irrelevant and for passively viewed stimuli,
while there was no difference between task relevant and
low distracting stimuli. In addition, the amplitudes for low
distracting stimuli were significantly higher than for high
distracting stimuli. At the same time, the amplitudes for
all distracting stimuli were not different from the ampli-
tudes for passively viewed stimuli. Amplitudes of the
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lus relevance.
Our pattern of results for the N170 points to a process-
ing enhancement for task relevant stimuli compared to a
passive viewing baseline. This enhancement seems to be
reduced or possibly even absent for low distracting task ir-
relevant stimuli, which did not differ from passively
viewed stimuli. In addition, amplitudes to high distracting
stimuli were significantly lower than to low distracting
stimuli. Visual inspection of the grand average waveforms
indicates the possibility that the processing of high
distracting stimuli might even have been suppressed
below the passive viewing baseline. However, as this po-
tential amplitude reduction did not pass the significance
threshold after correcting for multiple testing, the notion
of distractor suppression cannot be supported by our re-
sults. In contrast, the results could also be interpreted as
representing different levels of processing enhancement
that was influenced by how distracting a task irrelevant
stimulus was.
The enhancement of processing for task relevant stimuli
compared to high distracting task irrelevant stimuli seems
to be directly related to task performance: Small N170
difference amplitudes for these stimuli – indicating less
effective enhancement –correlated positively with the
number of false alarms. Participants with less effective
processing enhancement were possibly more distracted by
the task irrelevant stimuli, which interfered with success-
ful working memory maintenance of the task relevant 1-
back picture and led to more false alarms. In fact, a paired
t-test also yielded significantly higher mean amplitudes to
those task irrelevant stimuli followed by false alarms than
to task irrelevant stimuli not followed by false alarms. Al-
though only few trials entered this analysis because the
number of false alarms across participants was rather low,
this difference could support two different explanations:
Either the processing of distracting stimuli was usually
suppressed, and when it was not participants often were
distracted enough to make a false alarm response to the
following task relevant stimulus. Or the processing of
these task irrelevant stimuli was “accidentally” enhanced,
which made these stimuli more distracting and then
caused false alarms later on.
Processing of the high distracting task irrelevant stimuli
was possibly influenced by the DLPFC ‘cognitive control’
aspect of the neural network proposed by Cohen and col-
leagues [16]. This ‘cognitive control’ aspect might have
been activated as soon as the ACC ‘conflict-monitoring’
part of the network signaled high ‘conflict’ caused by the
high distracting stimuli. Another possible explanation for
the lower amplitudes to high distracting stimuli might be
that each high distracting stimulus has to compete for
processing resources with the task relevant stimulus that
is being maintained in working memory. Several studiesshow that simultaneous presentation of stimuli that acti-
vate the same neural populations led to decreased ERPs
for the stimuli that were not directly task relevant [29,30].
In addition, the ERPs to task relevant target stimuli were
found to be reduced when working memory load was in-
creased from maintaining one face to maintaining two or
more faces [31]. Since task relevant and high distracting
task irrelevant stimuli in our study were from the same
category, they likely activated the same neural networks
which might have caused the high distracting stimuli to
evoke lower event-related potentials. However, stimuli
in our study were subsequently (and not simultan-
eously) presented and working memory load consisted of
only one task relevant stimulus at a time. Although this
rather low load is possibly not substantial enough to in-
voke the above-mentioned competition for resources, the
only way to reach a definite conclusion would be to
present high distracting stimuli that activate differential
neural populations.
Furthermore, our study suggests that selective attention
to task relevant stimuli leads to a significant increase of
the N170, which is in line with previous studies using
similar paradigms [1,9]. However, other studies investigat-
ing the impact of selective attention on N170 amplitude in
go/nogo, target detection, and repetition detection tasks
with stimulus presentation durations ranging from 26 ms
to 500 ms did not find such a modulation e.g. [32-35].
One possibility for these conflicting results might be the
nature of the employed tasks: Our task required active en-
coding and subsequent maintenance of every task relevant
stimulus and our behavioral data show high performance
levels across subjects. In contrast, most of the other para-
digms required simple identification of one or more pre-
defined target stimuli. Unlike our study, the study using
repetition detection [33] used simultaneous presentation
of task relevant and task irrelevant stimuli to investigate
the effect of selective attention on stimulus processing. In
addition, task difficulty in this selective attention condition
seems rather high (unfortunately, no behavioral data are
provided) which might have influenced the collected data.
Another possible explanation for the increased N170
amplitudes to task relevant stimuli might be the need for
stimulus discrimination when viewing these stimuli. Dis-
criminating between stimuli has been shown to increase
the posterior N1 [3] as compared to when participants
were simply reacting to the onset of a stimulus. Since dis-
criminative demands in our task were high, this might
have influenced the obtained amplitudes. In addition,
since task relevant and task irrelevant stimuli alternated
in our paradigm, it was possible for participants to
know in advance if the next stimulus would be relevant or
irrelevant and distracting for successful task performance.
This temporal expectation might have led participants to
modulate their attention before the task irrelevant
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tudes to task relevant stimuli might therefore represent
the effect of a more general attention modulation in-
duced by the structure of stimulus presentation instead of
a specific effect of selective attention. This does not, how-
ever, explain the modulation observed for the task irrele-
vant stimuli. Amplitudes differed significantly depending
on how distracting a task irrelevant stimulus was to suc-
cessful task performance. Since the degree of distractibility
of the task irrelevant stimuli varied randomly across trials,
this modulation cannot be attributed to the structure of
stimulus presentation.
In our study, we furthermore found correlations of
‘Hyperactivity/Restlessness’ and ‘Impulsivity/Emotional
Lability’ scores with pooled N170 amplitudes irrespective
of experimental condition, which are admittedly difficult
to explain. One possibility is that participants with higher
symptoms of hyperactivity and impulsivity might have
been more easily bored by the task, which might be
reflected in lower overall amplitudes. However, our task
still appears to tap ADHD symptoms of ‘Inattention/Mem-
ory Problems’, ‘Hyperactivity/Restlessness’, and ‘Impulsivity/
Emotional Lability’ that are unconnected to the investi-
gated EEG components, as all symptom subscales were sig-
nificantly correlated with task performance parameters.
Interestingly, a post-hoc analysis of P200 amplitudes
after visual inspection of grand average waveforms showed
a significant effect of stimulus relevance on mean ampli-
tudes for this potential. Task relevant stimuli were associ-
ated with lower mean amplitudes while low distracting
stimuli and passively viewed stimuli yielded higher mean
amplitudes. There also appeared to be differential encod-
ing of face and house stimuli as differences between
distracting and passively viewed stimuli were found only
for house stimuli. The finding of lower amplitudes for task
relevant versus distracting stimuli is in line with the litera-
ture: Studies using visual search paradigms previously
linked a posterior positivity between 200 ms and 300 ms
to the suppression of distracting stimuli [36-38], while tar-
get stimuli were associated with a more negative potential
[38]. In addition, a study using an auditory selective at-
tention task reports increased P200 amplitudes to
distracting stimuli after extended auditory attention
training, suggesting an improvement of processing sup-
pression for distractors [39]. However, all of these stud-
ies rely on simultaneous presentation of targets and
distracting stimuli. Although our results also point to a
stronger negativity for target stimuli and to an increased
positivity for distracting stimuli, there are to our know-
ledge no studies with similar designs that these results
could be critically compared to. Our results also show a
differential effect for face versus house stimuli, which war-
rants further investigation beyond the scope of this study.
Furthermore, studies using visual search paradigms oftenexamined electrode positions PO7/PO8 [36,38,40], which
were not part of our electrode layout. Although the elec-
trodes analyzed in our study are close to these positions,
the results for PO7/PO8 might differ from our results to
an unknown extent
There are several limitations to this study: As stated
above, it might be necessary to include high distracting
stimuli from a separate category to disentangle possible
explanations for any potentially present processing sup-
pression. In addition, the passive viewing baseline condi-
tion might have been less arousing than the experimental
conditions, which might have impacted on N170 ampli-
tudes [41-44]. Although Vogel and Luck [3] did not find
increased arousal to enhance posterior N1 amplitudes, fu-
ture studies should ensure comparable arousal levels
across the different conditions, possibly by including a tar-
get detection task in the passive viewing condition. In
addition, since the sample consisted of healthy partici-
pants, no definite conclusions about clinical samples with
regard to the reported correlations with ADHD symptom-
atology can be made. The task seems to tap ADHD symp-
tomatology that is – contrary to our hypotheses – not
reflected in the ERP data, possibly because overall ADHD
symptomatology in the investigated sample was rather
low. In the future, it would therefore be worthwhile to in-
vestigate participants meeting full diagnostic criteria for
ADHD and possibly also looking for differences among
the three diagnostic subtypes.Conclusions
In addition to partly replicating previous studies that
showed early visual processing enhancement of task rele-
vant and suppression of task irrelevant stimuli, we could
extend and clarify these findings. Our results point to an
enhancement of early visual processing of task relevant
stimuli and to a possible suppression or absent enhance-
ment of processing of task irrelevant stimuli – if these
stimuli are high distracting to successful task completion.
The efficiency of this processing modulation seems to
have direct behavioral consequences. An extension of
this research to clinical populations could yield results
that might help improve models of clinical disorders as
well as models of the concepts of cognitive control and se-
lective attention.Methods
Task
The experimental task consisted of a 1-back paradigm
with alternately presented task relevant and task irrelevant
stimuli [see 9 for a similar version of this task]. Our task
employed pictures of neutral faces taken from the FERET
database [45] and pictures of German houses without any
prominent distinguishing features. For lack of an existing
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southeast Germany.
The experiment consisted of three conditions: Two ex-
perimental conditions (“houses relevant” and “faces rele-
vant”) and a passive viewing baseline condition. Each
condition was presented twice, yielding a total of six
blocks containing eighty stimuli each. Of these eighty
stimuli, forty (i.e. 50% of all stimuli presented in the block)
were task relevant and forty (i.e. another 50%) were task
irrelevant distractors. For the two experimental condi-
tions, the forty relevant stimuli were all from the same
category (i.e. 100% “face” or 100% “house” stimuli). In
contrast, the forty task irrelevant stimuli were split evenly
to be from the same category as the task relevant stimuli
(yielding twenty high distracting stimuli, i.e. 50% of all task
irrelevant stimuli were high distracting) or from another
category (yielding twenty low distracting stimuli, i.e. 50%
of all task irrelevant stimuli were low distracting). The
passive viewing baseline condition always contained forty
house (i.e. 50% of all presented stimuli) and forty face
stimuli (i.e. another 50%), which – only in this condition –
were presented in random order.
During each “houses relevant” and “faces relevant” con-
dition, five task relevant stimuli (i.e. 12.5% of all task
relevant stimuli presented in the block) were repeated in a
1-back fashion requiring a behavioral response. Three task
relevant stimuli (i.e. 7.5% of all task relevant stimuli) were
repeated in a 2-back fashion not requiring a behavioral re-
sponse. The 2-back repetitions were included to ensure
that participants would not simply react to the familiarity
of a stimulus. All repeated stimuli were excluded from later
EEG data analysis. On a behavioral level, reaction times
for correct responses as well as number of false alarms
and number of missed target stimuli were recorded.
Every picture was shown only once in one of the three
conditions. Task irrelevant stimuli never required a be-
havioral response.
Although task relevant and task irrelevant stimuli
were presented alternately, the task relevance or task ir-
relevance of a stimulus was additionally denoted by two
horizontal or vertical bars in each of the four corners of
the display (see Figure 1 for an example of the “faces rele-
vant” condition). Participants were instructed beforehand
about the markings (e.g. horizontal bars marking task rele-
vant stimuli and vertical bars marking task irrelevant stim-
uli – this was counterbalanced across participants) and
markings were kept consistent across the entire experi-
ment. All stimuli were presented for 1,000 ms with the
interstimulus interval showing a grey fixation cross and
ranging from 1,750 ms to 2,750 ms. This experimental
set-up led to four different relevance-levels of the
presented stimuli: task relevant stimuli, high distracting
task irrelevant stimuli, low distracting task irrelevant stim-
uli, and passively viewed stimuli.Participants were seated 50 cm from the monitor and
viewed stimuli with approximately 10 cm height by 7.5 cm
width. The whole display including the markings was
12 cm by 12 cm, subtending 14° of visual angle.
Participants
Fifty participants took part in this study. They were
recruited from a previously established subject pool see
also [46] as well as through university advertisement. Par-
ticipants were mostly students and received 12€ as com-
pensation for their participation. All participants were
right-handed, had normal or corrected-to-normal vision,
and were free of neurological or psychiatric diseases. Due
to a technical error during data collection, only forty per-
cent of the original sample (twenty participants; mean age
25.4 ± 4.1 years) could be fully analyzed. Ethical approval
was obtained through the Ethical Review Board of the
medical faculty of the University of Würzburg; all proce-
dures involved were in accordance with the 2008 Declar-
ation of Helsinki. Participants gave written informed
consent after full explanation of procedures.
Psychological assessment
Participants completed three ADHD questionnaires to as-
sess individual symptoms of both childhood and adult
ADHD: The Adult ADHD Self-Report Scale (ASRS) [47]
is an 18-item questionnaire assessing ADHD symptoms
based on the DSM-IV-TR [48]. Participants were
prescreened and selected based on their ASRS scores to
ensure variability of ADHD symptoms in the sample. All
participants had either a score of ten or lower on both the
inattention and the hyperactivity scales or a score of at
least 15 on any one of the two scales. The Conners’Adult
ADHD Rating Scales (CAARS) [49] is a more refined
questionnaire, adding symptoms of adult ADHD to the
core ADHD symptoms stated in the DSM-IV-TR [50,51].
To ensure that no participant met diagnostic criteria of
childhood ADHD as described in the DSM-IV-TR [48],
participants also completed the Wender Utah Rating Scale
(WURS) [52]. No participant scored above the cut-off
score for the short version [53] of this questionnaire. To
control for affect and depressive symptoms, subjects fur-
thermore completed the Positive and Negative Affect
Schedule (PANAS) [54,55] and the Beck Depression In-
ventory (BDI-II) [56].
Electrophysiological recording and data analysis
Event-related potentials (ERPs) were recorded from 28
Ag/AgCl active electrodes, which were placed according
to the 10–20 guidelines using the actiCap system. Add-
itional electrodes were placed under the right eye as well
as on both outer canthi to monitor eye movement. The
ground electrode was placed at AFz. Impedance was kept
below 10 kΩ for all electrodes. Data was recorded with
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GmbH; Munich, Germany) in relation to a midline refer-
ence electrode placed at FCz with a sampling rate of
1000 Hz.
The data was analyzed with the software Brain Vision
Analyzer 1 (Brain Products GmbH). Band-pass filters were
set to 0.1-30 Hz, with a 50 Hz notch filter. Eye movement
artifacts were corrected [57] and the data was re-re-
ferenced to an average recorded reference. Stimulus-
locked EEG epochs from -100 ms to 500 ms were
segmented for the different stimuli. All stimuli used for 1-
or 2-back repetitions as well as segments containing false
alarm responses were excluded from further analysis. The
data was baseline corrected to the mean amplitude from -
100 ms to 0 ms. Epochs containing artifacts with the volt-
age in any channel exceeding ±100 μV or showing drops
or rises of more than 100 μV/ms were rejected and
artifact-free epochs were averaged.
Based on the literature [2,9,11,58] and grand average
topography, channels O1 and O2 were selected for P100
analysis, and channels P7/P8, and PO9/PO10 were chosen
for analysis of the N170. Based on the grand average time
curve over all participants, the P100 was defined as the
most positive peak in the time window from 70 ms to
140 ms. The N170 was defined as the most negative peak
in the time window from 140 ms to 210 ms. Peaks were
automatically detected and manually adjusted if necessary.
In addition, a post-hoc analysis of the P200 defined as the
mean amplitude in the time window from 210 ms to
270 ms in the channels P7/P8 and PO9/PO10 was carried
out. Peak and mean amplitudes, respectively, were then
exported for subsequent analysis with SPSS Statistics 20
(IBMW, New York, USA).Statistical analysis
ERP amplitudes were analyzed separately for the P100 and
the N170 by using a repeated measures analysis of vari-
ance (ANOVA). The ANOVA for the P100 comprised the
within-subject factors hemisphere (left, right), stimulus
category (face, house), and task relevance (relevant, irre-
levant – high distracting, irrelevant – low distracting, pas-
sively viewed). The ANOVA for the N170 included the
within-subject factors hemisphere (left, right), chan-
nel group (P7/P8, PO9/PO10), stimulus category (face,
house), and task relevance (task relevant, task irrelevant –
high distracting, task irrelevant – low distracting, passively
viewed). Hypotheses-driven one-sided t-tests were used
for the factors task relevance and stimulus category; two-
tailed t-tests were used for all other post-hoc comparisons.
To control for multiple comparisons, all post-hoc t-tests
were Šidák-corrected. Degrees of freedom were adjusted
according to Greenhouse-Geisser, if assumptions of spher-
icity were not met. Effect sizes were calculated based onaverage means and standard deviations and corrected for
correlation among the means using G*Power 3.0.3 [59].
In addition, the following exploratory correlation coeffi-
cients were calculated: The N170 component pooled
across the four task conditions (task relevant, task irrele-
vant – high distracting, task irrelevant – low distracting,
passively viewed) was correlated with the three CAARS
subscales incorporating symptoms of adult ADHD (‘In-
attention/Memory Problems’ , ‘Hyperactivity/Restlessness’,
‘Impulsivity/Emotional Lability’), yielding three correlation
coefficients. The N170 difference amplitude of task rele-
vant minus high distracting task irrelevant stimuli was
correlated with the same three CAARS subscales, yielding
again three correlation coefficients. In addition, the N170
difference amplitude of task relevant minus high dis-
tracting task irrelevant stimuli was correlated with the be-
havioral measures ‘percentage of missed targets’ and
‘number of false alarms’, yielding two correlation coeffi-
cients. These behavioral measures were also correlated
with the three above-mentioned CAARS subscales, yield-
ing another six correlation coefficients. This procedure
resulted in a total of fourteen correlations coefficients that
were tested for significance.
The ANOVA for the P200 was identical to the ANOVA
used for the N170 with the within-subject factors hemi-
sphere (left, right), channel group (P7/P8, PO9/PO10),
stimulus category (face, house), and task relevance (task
relevant, task irrelevant – high distracting, task irrele-
vant – low distracting, passively viewed). Since this
ANOVA was conducted post-hoc, all post-hoc t-tests were
two-tailed and Bonferroni-corrected.
For all analyses, p-values below .05 were considered
significant.
Competing interests
The authors declare no competing interests.
Authors’ contributions
SCB designed the study, participated in data analysis and interpretation, and
drafted the manuscript. A-CE participated in data analysis and revised the
manuscript. LDM supervised data collection and revised the manuscript. AN
participated in data collection and data analysis. PP participated in the
design of the study and data interpretation. MJH participated in the design
of the study and data analysis. All authors read and approved the final
manuscript.
Acknowledgements
The authors wish to thank Sebastian Michelmann for his help with data
collection. Portions of the research in this paper use the FERET database of
facial images collected under the FERET program. This research was
supported by the Deutsche Forschungsgemeinschaft (DFG, grants HE 4531/
1-1 and RTG 1253/1). This publication was funded by the German Research
Foundation (DFG) and the University of Wuerzburg in the funding program
‘Open Access Publishing’. The authors also wish to thank everyone involved
in the review process for very helpful suggestions on how to improve the
manuscript.
Author details
1Department of Psychiatry, Psychosomatics and Psychotherapy, University of
Würzburg, Füchsleinstraβe 15, 97080 Würzburg, Germany. 2School of
Psychology, University of Aberdeen, William Guild Building, Aberdeen AB24
Biehl et al. BMC Neuroscience 2013, 14:107 Page 10 of 11
http://www.biomedcentral.com/1471-2202/14/1073FX, UK. 3Department of Psychiatry and Psychotherapy, University of
Tuebingen, Osianderstraβe 24, 72076 Tuebingen, Germany. 4Department of
Psychology I, University of Würzburg, Marcusstraβe 9-11, 97070 Würzburg,
Germany. 5Department of Human Genetics, University of Würzburg,
Am Hubland, 97074 Würzburg, Germany.
Received: 18 February 2013 Accepted: 30 September 2013
Published: 1 October 2013References
1. Gazzaley A, Cooney JW, McEvoy K, Knight RT, D'Esposito M: Top-down
enhancement and suppression of the magnitude and speed of neural
activity. J Cogn Neurosci 2005, 17(3):507–517.
2. Bentin S, Allison T, Puce A, Perez E, McCarthy G: Electrophysiological
studies of face perception in humans. J Cogn Neurosci 1996, 8(6):551–565.
3. Vogel EK, Luck SJ: The visual N1 component as an index of a
discrimination process. Psychophysiology 2000, 37(2):190–203.
4. Mangun GR, Hillyard SA: Modulations of sensory-evoked brain potentials
indicate changes in perceptual processing during visual-spatial priming.
J Exp Psychol Hum Percept Perform 1991, 17(4):1057–1074.
5. Hillyard SA, Anllo-Vento L: Event-related brain potentials in the study of
visual selective attention. Proc Natl Acad Sci USA 1998, 95(3):781–787.
6. Martinez A, Anllo-Vento L, Sereno MI, Frank LR, Buxton RB, Dubowitz DJ,
Wong EC, Hinrichs H, Heinze HJ, Hillyard SA: Involvement of striate and
extrastriate visual cortical areas in spatial attention. Nat Neurosci 1999,
2(4):364–369.
7. Clark VP, Hillyard SA: Spatial selective attention affects early extrastriate
but not striate components of the visual evoked potential. J Cogn
Neurosci 1996, 8(5):387–402.
8. Cohen JD, Forman SD, Braver TS, Casey BJ, Servan-Schreiber D, Noll DC:
Activation of the prefrontal cortex in a nonspatial working memory task
with functional MRI. Hum Brain Mapp 1994, 1(4):293–304.
9. Schreppel T, Pauli P, Ellgring H, Fallgatter AJ, Herrmann MJ: The impact of
prefrontal cortex for selective attention in a visual working memory task.
Int J Neurosci 2008, 118(12):1673–1688.
10. Rutman AM, Clapp WC, Chadick JZ, Gazzaley A: Early top-down control of
visual processing predicts working memory performance. J Cogn Neurosci
2010, 22(6):1224–1234.
11. Sreenivasan KK, Jha AP: Selective attention supports working memory
maintenance by modulating perceptual processing of distractors.
J Cogn Neurosci 2007, 19(1):32–41.
12. Barcelo F, Suwazono S, Knight RT: Prefrontal modulation of visual
processing in humans. Nat Neurosci 2000, 3(4):399–403.
13. Pessoa L, Kastner S, Ungerleider LG: Neuroimaging studies of attention:
from modulation of sensory processing to top-down control. J Neurosci
2003, 23(10):3990–3998.
14. Lavie N, Hirst A, de Fockert JW, Viding E: Load theory of selective attention
and cognitive control. J Exp Psychol Gen 2004, 133(3):339–354.
15. Egner T, Hirsch J: Cognitive control mechanisms resolve conflict through
cortical amplification of task-relevant information. Nat Neurosci 2005,
8(12):1784–1790.
16. Cohen JD, Botvinick M, Carter CS: Anterior cingulate and prefrontal cortex:
Who's in control? Nat Neurosci 2000, 3(5):421–423.
17. MacDonald AW, Cohen JD, Stenger VA, Carter CS: Dissociating the role of
the dorsolateral prefrontal and anterior cingulate cortex in cognitive
control. Sci 2000, 288(5472):1835–1838.
18. Gazzaley A, Rissman J, Cooney J, Rutman A, Seibert T, Clapp W, D'Esposito M:
Functional interactions between prefrontal and visual association cortex
contribute to top-down modulation of visual processing.
Cereb Cortex 2007, 17:I125–I135.
19. Miller BT, D'Esposito M: Searching for “the top” in top-down control.
Neuron 2005, 48(4):535–538.
20. Jha AP, Fabian SA, Aguirre GK: The role of prefrontal cortex in resolving
distractor interference. Cogn Affect Behav Neurosci 2004, 4(4):517–527.
21. Gazzaley A, Nobre AC: Top-down modulation: bridging selective attention
and working memory. Trends Cogn Sci 2012, 16(2):129–135.
22. Polk TA, Drake RM, Jonides JJ, Smith MR, Smith EE: Attention enhances the
neural processing of relevant features and suppresses the processing of
irrelevant features in humans: a functional magnetic resonance imaging
study of the stroop task. J Neurosci 2008, 28(51):13786–13792.23. Zanto TP, Gazzaley A: Neural suppression of irrelevant information
underlies optimal working memory performance. J Neurosci 2009,
29(10):3059–3066.
24. Friedman-Hill SR, Wagman MR, Gex SE, Pine DS, Leibenluft E, Ungerleider LG:
What does distractibility in ADHD reveal about mechanisms for top-down
attentional control? Cognit 2010, 115(1):93–103.
25. Dramsdahl M, Westerhausen R, Haavik J, Hugdahl K, Plessen KJ: Cognitive
control in adults with attention-deficit/hyperactivity disorder. Psychiatry
Res 2011, 188(3):406–410.
26. Banich MT, Burgess GC, Depue BE, Ruzic L, Bidwell LC, Hitt-Laustsen S,
Du YP, Willcutt EG: The neural basis of sustained and transient attentional
control in young adults with ADHD. Neuropsychologia 2009,
47(14):3095–3104.
27. Spalletta G, Pasini A, Pau F, Guido G, Menghini L, Caltagirone C: Prefrontal
blood flow dysregulation in drug naive ADHD children without
structural abnormalities. J Neural Transm 2001, 108(10):1203–1216.
28. Burgess GC, Depue BE, Ruzic L, Willcutt EG, Du YP, Banich MT: Attentional
control activation relates to working memory in attention-deficit/
hyperactivity disorder. Biol Psychiatry 2010, 67(7):632–640.
29. Rossion B, Kung CC, Tarr MJ: Visual expertise with nonface objects leads
to competition with the early perceptual processing of faces in the
human occipitotemporal cortex. Proc Natl Acad Sci USA 2004,
101(40):14521–14526.
30. Ranganath C, Paller KA: Frontal brain activity during episodic and
semantic retrieval: Insights from event-related potentials. J Cogn Neurosci
1999, 11(6):598–609.
31. Morgan HM, Klein C, Boehm SG, Shapiro KL, Linden DEJ: Working memory
load for faces modulates P300, N170, and N250r. J Cogn Neurosci 2008,
20(6):989–1002.
32. Cauquil AS, Edmonds GE, Taylor MJ: Is the face-sensitive N170 the only
ERP not affected by selective attention? Neuroreport 2000,
11(10):2167–2171.
33. Furey ML, Tanskanen T, Beauchamp MS, Avikainen S, Uutela K, Hari R, Haxby
JV: Dissociation of face-selective cortical responses by attention. Proc Natl
Acad Sci USA 2006, 103(4):1065–1070.
34. Lueschow A, Sander T, Boehm SG, Nolte G, Trahms L, Curio G: Looking for
faces: attention modulates early occipitotemporal object processing.
Psychophysiology 2004, 41(3):350–360.
35. Rousselet GA, Mace MJM, Thorpe SJ, Fabre-Thorpe M: Limits of event-
related potential differences in tracking object processing speed.
J Cogn Neurosci 2007, 19(8):1241–1258.
36. Burra N, Kerzel D: Attentional capture during visual search is attenuated
by target predictability: evidence from the N2pc, Pd, and topographic
segmentation. Psychophysiology 2013, 50(5):422–430.
37. Hilimire MR, Hickey C, Corballis PM: Target resolution in visual search
involves the direct suppression of distractors: evidence from
electrophysiology. Psychophysiology 2012, 49(4):504–509.
38. Hickey C, Di Lollo V, McDonald JJ: Electrophysiological indices of target
and distractor processing in visual search. J Cogn Neurosci 2009,
21(4):760–775.
39. Melara RD, Tong YX, Rao A: Control of working memory: effects of
attention training on target recognition and distractor salience in an
auditory selection task. Brain Res 2012, 1430:68–77.
40. Kiss M, Grubert A, Petersen A, Eimer M: Attentional capture by salient
distractors during visual search is determined by temporal task
demands. J Cogn Neurosci 2012, 24(3):749–759.
41. Howells FM, Stein DJ, Russell VA: Perceived mental effort correlates with
changes in tonic arousal during attentional tasks. Behav Brain
Funct 2010, 6:39.
42. Egner T, Gruzelier JH: Learned self-regulation of EEG frequency
components affects attention and event-related brain potentials in
humans. Neuroreport 2001, 12(18):4155–4159.
43. Egner T, Gruzelier JH: EEG biofeedback of low beta band components:
frequency-specific effects on variables of attention and event-related
brain potentials. Clin Neurophysiol 2004, 115(1):131–139.
44. Fekete T, Pitowsky I, Grinvald A, Omer DB: Arousal increases the
representational capacity of cortical tissue. J Comput Neurosci 2009,
27(2):211–227.
45. Phillips PJ, Wechsler H, Huang J, Rauss P: The FERET database and
evaluation procedure for face recognition algorithms. Image Vis Comput
1998, 16(5):295–306.
Biehl et al. BMC Neuroscience 2013, 14:107 Page 11 of 11
http://www.biomedcentral.com/1471-2202/14/10746. Gschwendtner KM, Biehl SC, Mühlberger A, Sommer C, Kübler A, Reif A,
Herrmann MJ: The relationship between valence, task difficulty, and the
COMT val158met polymorphism in disengagement processes.
Int J Psychophysiol 2012, 26(3):124–131.
47. Kessler RC, Adler L, Ames M, Delmer O, Faraone S, Hiripi E, Howes MJ, Jin R,
Secnik K, Spencer T, et al: The World Health Organization Adult ADHD
Self-Report Scale (ASRS): a short screening scale for use in the general
population. Psychol Med 2005, 35(2):245–256.
48. APA: Diagnostic and Statistical Manual of Mental Disorders: DSM-IV-TR.
Washington: American Psychiatric Association; 2000.
49. Conners CK, Erhardt D, Sparrow EP: Conners’ Adult ADHD Rating Scales
(CAARS). North Tonawanda: Multi-Health Systems; 1999.
50. Christiansen H, Kis B, Hirsch O, Matthies S, Hebebrand J, Uekermann J,
Abdel-Hamid M, Kraemer M, Wiltfang J, Graf E, et al: German validation of
the Conners Adult ADHD Rating Scales (CAARS) II: reliability, validity,
diagnostic sensitivity and specificity. Eur Psychiatry 2012, 27(5):321–328.
51. Christiansen H, Kis B, Hirsch O, Philipsen A, Henneck M, Panczuk A,
Pietrowsky R, Hebebrand J, Schimmelmann BG: German validation of the
Conners Adult ADHD Rating Scales-self-report (CAARS-S) I: factor
structure and normative data. Eur Psychiatry 2011, 26(2):100–107.
52. Ward MF, Wender PH, Reimherr FW: The Wender Utah Rating Scale: an aid
in the retrospective diagnosis of childhood attention deficit
hyperactivity disorder. Am J Psychiatry 1993, 150(6):885–890.
53. Retz-Junginger P, Retz W, Blocher D, Weijers HG, Trott GE, Wender PH,
Rössler M: Wender Utah Rating Scale (WURS-k) Die deutsche Kurzform
zur retrospektiven erfassung des hyperkinetischen syndroms bei
erwachsenen. Nervenarzt 2002, 73(9):830–838.
54. Watson D, Clark LA, Tellegen A: Development and validation of brief
measures of positive and negative affect: the PANAS scales. J Pers Soc
Psychol 1988, 54(6):1063–1070.
55. Krohne HW, Egloff B, Kohlmann C-W, Tausch A: Untersuchung mit einer
deutschen form der Positive and Negative Affect Schedule (PANAS).
Diagn 1996, 42(2):139–156.
56. Hautzinger M, Keller F, Kühner C: Beck Depressions-Inventar (BDI II), Revision.
2nd edition. Frankfurt/Main: Harcourt Test Services; 2006.
57. Gratton G, Coles MG, Donchin E: A new method for off-line removal of
ocular artifact. Electroencephalogr Clin Neurophysiol 1983, 55(4):468–484.
58. Rossion B, Jacques C: Does physical interstimulus variance account for
early electrophysiological face sensitive responses in the human brain?
Ten lessons on the N170. Neuroimage 2008, 39(4):1959–1979.
59. Faul F, Erdfelder E, Lang A-G, Buchner A: G* Power 3: a flexible statistical
power analysis program for the social, behavioral, and biomedical
sciences. Behav Res Methods 2007, 39(2):175–191.
60. Franz VH, Loftus GR: Standard errors and confidence intervals in within-
subjects designs: generalizing loftus and masson (1994) and avoiding
the biases of alternative accounts. Psychon Bull Rev 2012, 19(3):395–404.
doi:10.1186/1471-2202-14-107
Cite this article as: Biehl et al.: The impact of task relevance and degree
of distraction on stimulus processing. BMC Neuroscience 2013 14:107.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
